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(54) Title: COMMUNICATION SYSTEM 

Tf 

^ (57) Abstract: A communication system is provided for improved data transmission. The system includes a first client (12) that 
^ includes an optical intei&ce and at least a first optica] network element (14) is coupled to the optical interface. A second optical 

network element (16) is coupled to the first optical network element (14). The first and second optical network elements each include 
^ a mechanism (32) for routing wavelengths under the control of the client Also included are one or more data fibers (18) coupled to 

the optica] interface and the first optical network element (14), and one or more control channels coupled (20) to the client (12) and 
^ the first optical network element At least a first optical fiber (22) and a second optical fiber (24) are coupled to the first and second 
^ optica] network elements. The first and second optical fibers and the first data fiber preferably support an optical path (21) between 
1^ the first client and the second. networic element - 



wo 02/21746 



PCT/USOl/27477 



COMMUNICATION SYSTEM 



BACKGROUND OF THE INVRMTinM 

5 

Field of the Invention 

This invmtion relates to optical networks^ and more particularly, to an 
all optical conunimication network. 



10 Description of Related Art 

In telecommunications, optical fiber has become one of the most 
successful transmission media due to its high transmission rates and low error 
rates. Driven by subscriber demand, network owners are currently deploying 
systems capable of supporting fiber for business and residential applications. 

1 5 Many emerging telecommunication technologies require relaying traffic 

as quickly as possible. This idea is often called fas^acket relay or fast packet 
switching. Generally, the packet networks are of two types, frame relay, 
transporting variable sized protocol data units (PDUs), and cell relay, 
transport!!]^ fixed length PDUs or cells. The cell includes a 48 octet payload 

20 with a 5 octet header and is used, with slight variations, by both asynchronous 
transfer mode (ATM) and the Metropolitan Area Network (MAN) standard. 

The synchronous optical network (SONET) standard defines the 
physical inter&ce, optical line rates known as optical carriers (OC) signals, a 
fi^me format and an OA&M protocol. User signals are converted into a 

25 standard electrical format called the synchronous transport signal (STS), which 
is the equivalent to the format of the optical signal (OC). 

Access networks for data communication have improved in performance 
and are becoming more versatile for processing images, voice, data and other 
information, which need transmission capacities in excess of 100 Mbs. This 

30 trend resulted in an increased demand for access networks of higher speeds and 
higher througlq^uts. 
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Many current access networks have a star, tree or mesh configuration. 
Ring topology is considered a cost-effective network architecture allowing 
bandwidth sharing and improved survivability in tiie event of span failure. 
Generally, a ring is formed with add/drop multiplexers (ADMs) which 

S insert/extract trafGcinto/fix)m a working and a protection fiber. However^ self- 
healing rings have a fundamental limitation. Because both protection and 
transmission capacities are shared among nodes, traffic increase in a saturated 
ring can lead to replacement of transmission equipment at all nodes, with no 
smooth evolutionary path for the unexpected traffic increases. A solution is to 

10 use a plurality of channels on the same fiber, the chamiels being routed 
separately according to their wavelength, a technique termed wavelmgth 
division multiplexmg (WDM). 

WDM transmission can provide manifold capacity expansion on existing 
fiber Imks. Its potential for routing signals is equally important By introducing 

1 S WDM, the capacity of a ring can be increased in an efficient and cost-effective 
way with a 100% multiplex section protection, and witii minimal changes to the 
node's hardware or to the automatic switching protocol (ASP). 

Networks using wavelength routing fall into two general types, single 
hop, which provide routes directiy between nodes, and multihop, in which the 

20 units of information pass through intermediate nodes. Routes in single hop 
networks are equivalait to independent optical fiber paths, each route using a 
wavelei^^h. In multihop networks, a signal on a route may be relayed through 
several nodes, a number of wavelengths being used in the process. Relaymg 
nodes may perform a store and forward fimction unplying optoelectronic 

25 conversion, or simply act as transparent crossconnects. 

Single and multihop WDM network architectures have been studied. 
See, for example, "Dense Wavelength Division Multiplexmg Networks" by C. 
A Brackett, IEEE Journal on Selected Areas in Communications, Vol. 8, No. 6, 
1990, pp. 948-964; and "Tembit Lightwave Networks: Multihop Approach" by 

30 A. S. Acampora et al., AT&T Technical Journal, Nov.-Dec. 1987, pp. 21-34. 
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Further discussions on local area networks are found in the following, 
"Dense Wavelength Division Multiplexing Networks", C,A. Brackett, IEEE 
Journal on Selected Areas in Conununications, voL 8, No. 6, 1990, pp. 948-964, 
"Terabit Lightwave Networks: Multihop Approach", A.S. Acampora et al., 
5 AT&T Technical Journal, Nov.-Dec. 1987, pp. 21-34, The Lambdanet 

MultiwavelengCh Network: Architecture, Applications and Demonstratioiis, M. 
Goodman et al., IEEE Journal on Selected Areas m Communications, vol 8, 
No. 6, 1990, pp. 995-1004 and "Performance Analysis of Multihop Lightwave 
Networks with Hot Potato Routmg and Distance-Age Priorities", Z. Zhang et 
10 al., IEEE Transactions on Communications, vol. 42, No. 8, Aug. 1994, pp. 
2571-2581. 

U.S. Patent No. 5,289,302 discloses a local area network which uses 
wavelength multiple rings and one special channel (wavelength) for flie token 
passing, and uses the wavelength to segregate the switched connections. 

15 A typical metropolitan or metro area can be subdivided uito bofli an 

access and a core network, each with a unique set of characteristics. The core 
portion of current metropolitan networks face serious challenges adapting to the 
emergence of high bandwidfli Internet Protocol (IP) services. Current core 
deployments are based almost exclusively on SONET ring architectures, most 

20 often BLSR's. In the past, these rings have provided a cost-effective means to 
transport core traffic which is mainly central office (CO) to CO circuit-switched 
demand. 

While these networks can efficiently manipulate low-bandwidths voice- 
oriented traffic, they become significantly less effective yAien faced with high- 

25 capacity IP services. Today, such demand is often routed over SONET rings 

simply to provide the protection switching speeds that have become an essential 
element of many service level agreements. In areas \^ere fiber exhaust is a 
concern, a problem now emerging in the metropolitan environment, Ihese 
multiple overlaid SONET rings can be aggregated over a single set of fibers 

30 through the use of DWDM systems. Since most of the systems commercially 
available today are configured as point-to-point DWDM tenninals, they are 
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usually placed "back-to-back" for use in a SONET architecture. This complex 
configuration can result in considerable capital equipment outlay and the 
operational complications associated with multiple equipment layers. 
Most known optical networking systems, furthermore, require a 
5 transponder or some type of optical-electrical-optical (OEO) converter between 
a client such as an IP router and elements in say the optical network ring. These 
transponders are, unfortunately, very elusive and introduce unnecessary costs 
and system complexity. Known systems typically require transponders to 
extract header and control information from the data stream. These 

10 transponders are usually data rate specific and thus must be replaced everytime 
the optical network moves to faster data rate or transmission rate. In addition, 
transponders are fiiequently format specific (i.e. fliey are designed to support 
SONET, ATM, Gigabit Ethernet, or similar traffic). This significantly reduces 
the flexibility of the fabric. The requirement for ttanspond^ between IP 

15 clients and the optical fabric adds to first and upgrade costs without adding 
fimctionality required by an IP-centric environment 

Accordingly, there is a need for optical networks with improved 
architectures that eliminate unnecessary capital equipment. There is a need for a 
metropolitan network that uses WDM, DWDM, or other multi-channel 

20 configuration directly from the IP client. There is a fiirther need for a 

metropolitan network that uses the IP client for wavelength allocation decisions. 
There is yet another need for a metropolitan network that simplifies node 
management and that implements Wavelength on Demand in milliseconds. A 
fiirther need exists for a metropolitan network that readily accommodates new 

25 and upgraded service requirements with Wavelength on Demand and 
transparent Optical Cli^t Inter&ces. 

S U M MAR Y QF THE INV BNH ON 
Accorduagly, an object of the present invention is to provide an all 
30 optical conMnunications network. Although not limited in this mamier, the 
present invention would be of particular use in the metropolitan area. 
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Another object of the present invention is to provide a metropolitan 
network that uses DWDM channels directly from the IP client and relegates a 
protection switching function to the IP louters. 

Yet another object of the present invention is to provide a metropolitan 
5 network that uses the IP client for wavelength allocation decisions. 

Still another object of the present invention is to provide a metropolitan 
network that simplifies node management and that implements Wavelength on 
Demand in milliseconds. 

Another object of the present invention is to provide a metropolitan 
1 0 network that readily accommodates new and upgraded service requirements 
with Wavelength on Demand and transparent Optical Client Interfaces: 

These and other objects of the present invention are achieved in a 
communication system with a first client that includes an optical inter&ce. At 
least a first optical network element is coitpled to the optical mter&ce. A 
15 second optical network element is coipled to the first optical network element. 
The first and second optical network elements each include a mechanism for 
routing wavelengths under the control of the client. Also mcluded are one or 
more data fibers coiq)led to the optical mter&ce and the first optical network 
element, and one or more control channels coupled to the client and the first 
20 optical network element. At least a first optical fiber and a second optical fiber 
are coupled to the first and second optical network elements. The first and 
second optical fibers and the first data fiber support an all optical path between 
the first cUent and the second network element 

In another embodimmt of the present invention, a communication 
25 system includes a first IP client with an optical interface and which runs IP 

protocols on a first control channel. At least a first optical network element is 
coiipled to the optical interface. A second optical network element is coiq)led to 
the first optical network element. The first and second optical network elements 
each include a mechanism for routing x^velengths under the control of the 
30 client Also included are one or more data fibers coupled to the optical interface 
and the first optical network element, and one or more control channels coupled 
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to the client and the first optical network element At least a first optical fiber 
and a second optical fiber are coupled to the first and second optical network 
elements. The first and second optical fibers and the first data fiber support an 
all optical path between the first client and flie second network element. 
5 These and other embodiments of the preset invention, as well as its 

advantages and features, are described in more detail in conjunction with the 
text below and attached figures. 

DESCRIPTION OF PR AWTNGS 
1 0 Figure 1 A shows one embodiment of the system according to the present 

invention. 

Figure IB depicts one embodiment of the syst^ according to the 
present invention having an in-channel, out-of-band control channel. 

Figure 2 shows one embodiment of the system according to the present 
15 invention using bi-directional fibers* 

Figure 3 shows a further embodiment of the system according to the 
present invention using bi-directional fibers and wave division multiplexing. 

Figure 4 shows one embodiment of the system according to the present 
invention using bi-directional fibers. 
20 Figure S shoAvs a system according to the present invention having 

counter propagation. 

Figure 6 shows a system according to the present invention having a 
plurality of data fibers coupled to one optical network element. 

Figures 7A-7B show various embodiments of a switch assembly 
25 according to the present invention for use in an optical network element. 

Figure 8 depicts a further embodiment of the present invention. I 

Figures 9 A-9B show embodiments of an optical network element having 
a tunable filter for wavelength selection. 

Figure 1 0 shows an embodiment of an optical network element having 

i 

30 an optical tap. j 

I 
I 

i 
i 

! 
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Figures 1 1-12 show systems according to the present invention having a 
second client 

Figure 13-14B are schematics showing various embodiments of 
network elements accordmg to the present mvention, 
5 Figure 1 5 is a schematic showing a system of the present invention 

having a ring configuiatioiL 

Figures 16A-16B show traffic routing in a system of the present 
invention when a fiber break occurs. 

Figure 17 shows fiber interconnection mechanisms for use with the 
10 present invention. 

DETAILED DESCRTPTTnN 
The present invention relates gen^tiUy to optical communications 
networks and relates in particular to all optical network communications 

15 systems. Although not limited to the foUowing, the present invention wod^ 
ofparticular use in the metropolitan area. The system and methods of the 
present invention are particularly well adapted for networks using a plurality of 
channels on the same fiber, the chaimels being routed separately according to 
their wavelength, a technique termed wavelength division multiplexing (WDM). 

20 Significant cost eflBciencies can be achieved by eliminating unnecessary capital 
equipment associated with known optical communication networks. The 
present invention may fiirther provide unproved transparency in the network 
since, in preferred embodiments, the system is bit rate and format independent. 
A system according to the present invention may allow for routing on a 

25 wavelength by wavelength basis. 

Referring now to Figure 1, one embodiment of the present invention is a 
communication system 10 that mcludes a first client 12 with an optical inter&ce 
13. Examples of the first client 12 include but are not limited to an IP router 
with an optical signal source for sending optical communication signals. The 

30 first client 12 could also be, in particular situations, a hub with control 

capabilities or a SOHBT or WDM aggregation device with control capabilities. 
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In some embodiments, the first client 12 is preferably a control source such as 
for wavelength routing, restoration, or otherwntrol as required for the system 
10. The first client 12 may also be Ae data source. The first client 12 may 
further be both the data source and the control source. In some raibodiments, 
5 the first client 12 is an edge router running Internet Engineering Task Force 

(IETF) IP protocols. The first client 12 may be an edge rcuter running IETF IP 
protocols with an International Telecom Union (ITU) grid laser as the optical 
signal source for data transmission. The control signals may originate at the 
client, meaning that control intelligence may reside in the client unit optically 

1 0 communicating witii the first optical network element 

In a wavelength division multiplexing (WDM) system, a client 12 such 
as an IP router may contain a plurality of optical signal sources sending data out 
over different wavelength channels that are then multiplexed together. 
Examples of the optical interface may include but are not lunited to SONET 

1 5 Intermediate Reach optics as specified by Bellcore, at wavelengths as specified 
by the International Telecom Union (ITU). At least a first optical network 
element (ONE) 14 is coiq}led to the optical interface and a second optical 
network element (ONE) 16 coupled to first optical network element 14. 
Examples of suitable optical network elements may include but are not limited 

20 to optical add/drop multiplexers and optical cross coimects. First client 12 and 
second optical network element 16 are preferably coupled without optical 
electronic conversions for data transmission. 

First and second optical network elements 14 and 16 each include a 
mechanism for routing wavelengths under the control of first client 12. In one 

25 embodiment, these optical network elements include at least one optical optical 
switch that allows for selected wavelengths or lambdas to be added or dropped 
at the node wherc the optical network element is situated. These switches in the 
optical fabric may be of varying size such as, but not limited to, 32x32, 16x16, 
8x8, or other sized switches, depending on how many wavelengths would need 

30 to be dropped/routed. The system 10 may include a plurality of network 

elements where each element is configured to add/drop different numbers of 
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wavelengths, while passing the others onward. A data transport medium such 
as, but not limited to, one or more data fibers 1 8 may be coupled to the optical 
inter&ce and first optical network element 14. Although other types of fibers 
may be used, the data fiber 18 typically comprises of a single mode or a 

5 multimode fiber. Data, data flow, data traffic, or optical communication signals 
on ^e fiber may be transported at a variety of different rates mcluding but not 
limited to OC-48, OC-192, and/or OC-768. One or more control channels 20 
may be coupled between first client 14 and first optical network element 12. In 
one embodiment, the control channel 20 is an out-of-fiber, out-of-band channel 

1 0 which may be used by the client 12 to monitor status of nodes, local and remote, 
and to control the setting up of optical paths within the fabric of the optical 
network elements. The term out-of-band as used herein refers to having the 
chaimel positioned on the wavelength spectrum at a wavelength slot that does 
not use a wavelength required for the data stream. Al&ough not limited to the 

IS following, ibe control channel 20 may be embodied as a 100BaseT or OC-3 line 
separate fi:om the data fiber 1 8 and located between the client 1 2 and first 
optical element 14. Other connections such as higher line rate optical 
connections or possibly Gigabit or higher rate Ethernet may also be used. It 
should be understood, however, that Hht control channel may be in some cases 

20 an in-fiber, out-of-band channel within the data fiber 18. Preferably, the control 
chamel 20 implements a standardized protocol to permit interoperability with 
equipment firom multiple vendors. The primary control channel 20 protocol 
may be the standardized version of the Optical Internetworking Forum's MPA.S, 
GMPLS, or o&er protocol to provide wavelength routing commands. The 

25 system 10 may also support SNMP as an alternative protocol between client 12 
and optical network elements. 

A first optical transport medium 22 such as, but not limited to a first 
optical fiber 22, and a second optical transport medium 22 such as, but not 
limited to a second optical fib^ 24, are coupled between first and second optical 

30 network elements 14 and 16. At least one of the fibers 22 or 24 and first data 
fiber 18 support an all optical path 21 between first client 12 and second 
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network element 16. The path 21 typically leads toough the first network 
element 14* Referring now to Figure IB, first control channel 20 can be one of 
a plurality of control channels coiq>led to the optical interface and first optical 
network element 14. Optical signals or data traf&c on an all optical path does 
5 not encounter any OEO conversions which limit bit rate and format In 

preferred embodunents, the control channel 20 has an operative relationship 
with the first data fiber wh^ein flie control channel enables an all optical path 
for optical data traffic by allowing control information to be sent and interpreted 
without having to perform OEO conversions on the main data traffic. 

10 In one embodiment, first client 12 can be an IP client that runs IP 

protocols on the first control channel 20, The system 10 typically includes an 
optical service channel (OSC). The OSC may be used to relay control 
mfoimation arriving firom channel 20 to the network elements in the system. In 
some embodiments, the OSC uses a second protocol different &om flie protocol 

15 used on the control channel 20. This second protocol niay be one optimized to 
unprove the speed of connection between network elements since this second 
protocol is typically not limited by the desure to have some embodiments of the 
control channel 20 be mteroperable with a variety of clients. In a preferred 
embodiment, the bandwidth of the OSC may be partitioned between at least two 

20 voice orderwire channels (64kB/s), two datawire channels (64kB/s), one lOMb/s 
Ethernet channel and the Optical Signaling Protocol (OSP). The orderwire, 
Ethernet and datawire channels are for the use of craft personnel, supporting 
local and remote OAM&P. The Optical Signaling Protocol may be a protocol 
for ONE to ONE communications designed for high-speed, hardware-assisted 

25 unplementation. Its c^abilities are preferably designed to support and 
implement the commands of the control channel 20 and the additional 
requirements of OAM&P and optional ring restoratioiL Although not limited to 
the following, the physical layer support for the OSC may be embodied as 
ATM/SONET 0C-3c at about ISlOnm or other out-of-band control channel. 

30 The OSC preferably allows the control information relayed firom client 12 along 
control channel 20 to be relayed to a plurality of the optical network elements 

-10- 
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on the optical ring. This allows for, among other things, wavelength allocation 
along the optical ring. With multiple cKents attempting to allocate wavelength 
channels, conflict resolution would be performed with flie results relayed to the 
requestor. 

S First and second optical fibers 22 and 24 may be bi-directional fibers 

lhat support data flow between first optical network element 14 and second 

optical network element 16, and between second optical network element 16 

and first optical network element 14. First and second optical fibers 22 and 24 

can use wave division multiplexing to propagate data in both directions between 
10 first and second optical network elements 14 and 16. 

First and second data fibers 22 and 24, and first data fiber 18 can be 

single or multi-mode fibers^ Each control chazmel 20 can be a single or multi- 
mode mode optical fiber, wite based or wireless. Figure IC shows the client 12 

and die element 14 with wireless modules 23 and 25 for sending control signals 
15 to first optical network element 14. Of course, it should be understood that tiie 

wireless modules may be incotpoiated into or be external to client 12 and 

element 14, so long as they maintain ihe connection of the control channel 

between them. Figure IC also shows that an all optical path as indicated by 

arrow 21 exists between the client 12, element 14, and element 16. It should be 
20 understood of course that a plurality of optical paths may exists between the 

elements and arrow 21 only specifically illustrates one of them. 

Communication system 10 supports WDM/DWDM ring networks, linear 

networks and point-to-point networks. One embodiment of the present 

invention is aring topology as illustrated in Figure 1 and Figures 16A/16B. 
25 Referring now to Figure 2, first and second optical fibors 22 and 24 are 

each bi-directional fibers that support data flow between first and second optical 

network elements 14 and 16. In other words, data can flow bi-directionally m 

the same fiber between both the first and the second optical network elements. I 
First optical fiber 22 supports signaling between first optical network element 
30 14 and second optical network element 16. First optical fiber 22 may also 

I 
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support signaling between second optical network element 16 and jGrst optical 
network element 14 using wave division multiplexing- 

In another embodiment, illustrated in Figure 3, first and second optical 
fibeis 22 and 24 are each bi-diiectional fibers that siqqport data flow between 

5 first optical network element 14 and second optical netwoik element 16. First 
and second optical Sbets 22 and 24 also support data flow between second 
optical network element 16 and the optical netwoik element 14. First and 
second optical fibers 22 and 24 supporting signaling between first optical 
network element 14 and second optical network element 16, and second optical 

10 network element 16 and first optical network element 14 using wave division 
multiplexing. 

As illustrated in Figure 4, first and second optical fibers 22 and 24 are 
again each bi-directional fibers that support data flow between first optical 
network element 14 and second optical network element 16, and between 
15 second optical network element 16 and first optical network element 14. First 
optical fiber 22 supports signaling between first optical network element 14 and 
second optical network element 16, and second optical fiber 24 supports 
signaling between second optical netwoik element 16 and first optical network 
element 14. 

20 Referring now to Figure 5, first and second optical fibers 22 and 24 

provide counter propagation of data between first and second network elements 
14 and 16. First optical fiber 22 siqpports data, data flow, data traffic, or optical 
communication signals between first optical network element 14 and second 
optical network element 16 (as indicated by arrows in Figure 5). Second optical 

25 fiber 24 siq>ports data flow between second optical network element 16 and first 
optical network elemmt 14. First optical fiber 22 supports signaling betwera 
first optical network element 14 and second optical network element 16. 
Second optical fiber 24 siqjports signaling between second optical network 
element 16 and first optical network element 14. Bach of first data fiber 18, 

30 control channel 20, first optical fiber 22 and second optical fiber 24 can be a 
single mode fiber or a multi mode fiber. 
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As seen in Figure 5, data flow can be supported between first optical 
network element 16 and second optical network elanent 18 using WDM or 
DWDM. In one embodiment, first optical fiber 22 can support signaling 
between first optical network element 14 and second optical network element 
5 16, and between second optical network element 16 and first optical network 
element 14 using WDM or DWDM. First and second optical fibers 22 and 24 
can support signaling between first optical network element 14 and second 
optical network element 16, and between second optical network element 16 
and first optical network element 14 using wave division multiplexing. 

10 In one embodiment of system 1 0, first optical fiber 22 supports at least 

one in-fiber, out-of-band signaling channel. Second optical fiber 24 can also 
support one or more in-fiber, out-of-band signaling channels. First optical fiber 
22 can su|^rt signaling between first optical netwodc element 14 and second 
optical network element 16, and second optical fiber 24 can support signaling 

IS betiiveen second optical network element 16 and first optical network element 
14. 

Referring now to Figure 6, first optical network element 14 is configured 
to be able to route a majority of dense wavelength division multiplexing 
(DWDM) channels as represented by Al- An from first and second 

20 optical fibers 22 and 24 to first data fiber 18 and at least a 

second data fiber 26. Under ITU grid lOQmhz spacings, n could be as 
high as 40. First optical netwoik element 14 is configured to be able to route a 
single DWDM channel torn first or second optical fibers 22 and 24 to first data 
Sb&c 1 8. Further, first optical netv^ork element 14 can route a single DWDM 

2 S channel &om first or second optical fibers 22 and 24 to first data fiber 1 8 and at 
least second data fiber 26. It should be understood that the present invention 
may also be used in other multi-channel configurations and is not limited to 
systems using DWDM wavelength spacings. 

As illustrated in Figure 7A, first optical network element 14 can include 

30 a switch assembly 27 that may route a majority of DWDM channels to first and 
second optical fibers 22 and 24, as well as first data fiber 18 and second data 
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fiber 26. It should be understood of course tbat the optical network element 14 
can be viewed as routing at least one single DWDM channel &om the jSrst and 
second optical fibers 22 and 24 to the first data fiber 18. First optical network 
element 14 can mclude an optical amplifier 30. Optical amplifier 30 can be an 
5 EDFA or may be some other type of amplifier as appropriate for the system. In 
another embodiment shown in Fig. 7B, the first element 14 has a switch that 
drops a plurality of wavelengths, such as ^1 and X2. The switch is coupled to 
first and second data fibers 1 8 and 26. An optical amplifier 30 may also be 
included in the network element 14. 

10 Referring now to Figure 8, second optical network element 16 can route 

a majority of DWDM chamiels firom first and second optical fibers 22 and 24 to 
second data fiber 26 which is coupled to second optical network element 1 6. 
Second q>tical network element 16 can also include a switdi 32 tiiat routes a 
majority of DWDM channels to first and second optical fibers 22 and 24 and to 

15 second data fiber 26. In this embodunrat, second optical network element 16 
can again include optical amplifier 30 (shown in phantom). The second optical 
network element 16 may also include anofiier data fiber 29 (shown in phantom). 
Again, it should be understood that the present invention may also be used in 
other multi-channel configurations and is not limited to systems using DWDM 

20 wavelength spacings. 

As seen in Figure 9A, second optical network element 1 6 can include a 
tunable filter 34. Tunable filter 34 can be an AOTF, a stretched Bragg grating 
or a Fabry-Perot tunable filter. An example of a tunable Fabry-Perot filter 35 is 
disclosed in U.S. Patrat No. 5,949,801 assigned to CoreTek, Inc. of Burlington, 

25 Massachusetts, incorporated h^in by reference. An optical amplifier 30 may 
be included in the optical network el^nmt as shown in Figure 9B. As 
illustrated in Figure 10, first optical network element 14 can include an opto- 
electronic tap 36 coupled to first optical fiber 22. Smtable opto-electronic taps 
36 include but are not limited to 1% optical splitters connect to an 

30 optoelectronic converter. It should be understood that other splitters with 

dififerent split percentages, such as 90/10, 80/20, or other percentages sending 



-14- 



wo 02/21746 PCT/USOl/27477 

the majority of the signal in one direction while tapping off some remaining 
portion, may also be used. Taps may also be positioned at other locations in the 
system, such as coupled to a data fiber 1 8 or on one of the other fibers. 

In another embodunent of the present invention, shown in Figure 1 1 , 
5 a second client 38 is coupled to first optical network element 14. The second 
client 38 would typically include a data fiber 40 and a control channel 42. The 
second optical network 16 element may have a client 50 coupled to it by a 
plurality of data fibers 52 and 54, and at least one and in some cases a plurality 
of control channels 56 and 58 (shown in phantom). Second client 38 can also be 

10 coupled to second optical network element 16 as seen in Figure 12. 

Second optical network element 38 can be remotely programmable by 
first client 12. In one embodiment, the control channel 20 relays wavelength 
allocation information &om the client 12, which in this embodiment is an IP 
router. The routing information is conveyed to the first network element 14, 

15 preferably via the control channel 20, and element 14 tiien sends the information 
along the OSC to the second network element 16 as needed. The OSC may 
provide information to the second network element on which wavelengths to 
drop, which to add, which wavelengths to continue, monitor and control 
information including EDFA power and end of life detection, fabric changes, 

20 eto. . . The client 12 also contains intelligent decision making capacity either in 
the form of a electronic board, CPU, or other decision making unit that can 
implement intelligent restoration in case of fiber breaks or other disruption to 
the network. The client 12 may implement source switohing to reduce backhaul 
and reduce restoration time to less than 50 ms. 

25 Referring to the embodiment shown m Figure 13, line fibers 100 and 

102 coming &om a 2-fiber ring network split out Optical Supervisory Channels 
Qsreferably but not limited to about 1510 nm) and pass on the remainii^ data 
channels (preferably but not lunited to about 1 528nm - 1 565 nm) to optical 
amplifiers 104 and 106 where line power (all data channels) are 

30 boosted to compensate the optical losses of A-Add/Drop Routing 
Fabric prior to introducing into it. Optical Supervisory Channels 
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typically terminated at transceivers 106 cany the status and 
control information that are shared among all nodes in the ring 
and processed by Optical Network Controller (ONC). In this 
embodiment, the functions of wavelength Mux/DeMux or Filtering and 
5 Add/Drop and/or Continue are taken place at A-Add/Drop 

Routing Fabric that consists of various optical components such 
as wavelength filtering devices, optical switches and attenuators. 
Leaving the X-Add/Drop Routing Fabric, added channels and pass 
through channels may be recombined into a smgle fiber and fed to another 
10 optical amplifier to boost signals for flien^ct link. Before retummg back mto 
the line fibers of the networic, data lines and Optical Supervisory Channels may 
be combined. 

Referring to Figure 14A, one embodiment of a multi-wavelength routing 

fabric 1 1 0 is shown. In the embodiment of Figure 14A, the routing fabric 110 
15 advantageously allows for dynamic add/drop of wavelengths. In other words> 

any wavelength can be dropped from any input to any of the associated 

receivers or receiver ports. Previously known devices could typically only drop 

a particular wavelength to the one receiver associated with that wavelength^ not 

to any of the available receivers. In this embodiment, an NxM nonblocking 
20 optical switch 112 may be used to perfoim such switching. The NxM switch 

may be a 32x32, 16x16, 8x8 or olfaer configuration M^S switch. It should be 

understood, of course, that other optical switch technology may also be used. N 

may be > 4, or greater than 8, depending in part on, but not limited to, the 

number ofwavelengths in the system. M may also be > 4. The switch may also 
25 have an asymmetric configuration such as 32x8, 16x4, or other NxM 

configuration. The switch 1 12 may be coupled to a plurality of switches via 

other connectors 1 14 (shown in phantom) to provide routing to a second 

receive. Anopticalswitchor switches in add/drop module 116 direct traffic 

through the network element or to a drop port or drop path to the switch 112 j 
30 (for ease of illustration, only one switch such as a 2x2 switch and drop path is 

t 

shown). Preferably, each switch may have a drop path to the NxM nonblocking j 

.16- 

i 

1 
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SAvitch 1 12 which allows system access to each wavelength and routing to the 
desired receiver. As discussed, line fibers 100 and 102 conung from a 2-fiber 
ring network split out Optical Siq^ervisoiy Channels (preferably but not limited 
to about 1510 nm) and pass on the lemaining data channels (preferably but not 

5 limited to about 1528nm - 1565 nm) to optical amplifiers where Ime power 

(preferably all data channels) are boosted to compensate the optical losses of the 
Switch Module prior to introducing into it Optical Supervisory Channels 
terminated at transceivers carty the status and control information that are 
shared among aU nodes in the ring and processed by Optical Network Controller 

10 (ONC). Optical Amplifier 104, as part of functional unit of Signal Conditioning 
Module, is to compensate optical losses on the line and components. Dispersion 
compensation, another part of Signal Conditioning Module, is typically used to 
reshape the signals for some applications such as inter-node distance greater 
than and bit-rate at OC192. The actions of wavelength Mux/DeMux and 

15 Add/Drop and/or Continue are taken place at Switch Module or in the add/drop 
module Aat may comprise of wavelength Mux/DeMux filters, 2X2 optical 
switches and/or attenuators. Switch Modxde is responsible for functions 
of optical signal Mux/DeMux pWDM), wavelength Add/Drop (X- 
ADD/DROP) and also intercormection between two rings of 

20 coimter traffic (Interconnection). The interconnection sub-module 
is responsible for traffic protection and redundancy. Leaving the Switch 
Module^ ADD channels and pass-thru channels are recombmed into a single 
fiber and fed to ano&er optical amplifier to compensate for the optical loss of 
next link. Before returning back into the line fibers of network, data lines and 

25 Optical Supervisory Channels are recombnied. 

Figure 14B shows one embodiment of a second architecture for use with 
Add/Drop wavelength routing. The functions of wavelength Add/Drop are taken 
place at Tunable Module that consists of at least one wavelength Tunable filters, 
2X2 optical switches, couplers and attenuators. Tunable Module is responsible 

30 for functions of wavelength Add/Drop (Tunable ADD/DROP) and also 

interconnection between two rings of counter traffic (Interconnection). Unlike 
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the embodiment of Fig. 14A, preferably, no DWDM devices are used in the 
embodiment of Fig 14B. The tunable filters preferably can scan across all 
wavelengths in the system 10 and select those that need to be dropped at the 
particular network elemoit. 

5 Figure 15 shows an embodiment of the system 10 wherein a second 

network ring 200 is coiq)led to the system. In this particular embodiment, a 
transponder 202 may be used to ensure that incoming wavelengths £rom other 
rings conform to the wavelength spacings used in the system 10. The network 
elements may have switch fabrics using the configurations of Fig. 14A and/or 

10 14B. 

Referring now to Figures 16A and 16B, protection in the present system 
10 may operate on a wavelength by wavelength basis and as a result, the 
protection mechanism may vary firom one wavelength to the next within the 
same system. The wavelength by wavelength protection is enabled because 

15 preferred embodiments of the present system allows each wavelength to be 
accessed individually through the use of mux and demuxes to break out the 
wavelragths and an NxM optical switch or through the tunable modules. The 
system architecture is designed with the capability to survive single failure 
without impacting traffic, and they are preferably reconfigurable withm 50 msec 

20 through either intanal protocol or ONCI protocol from the control channel 20. 

Referring now to Figure 17, to meet the requirements of automatic 
protection switching, network element architectures may be designed to have an 
interconnection module 260 that interconnects two line fibers within a node. 
Shown in Figure 17 is the implemmtation of the module by 2x2 switches 262 

25 and 264. 

While particular embodunents of the invention have been herem 
described in detail, it is to be aiq»:eciated that the present invention encompasses 
variations and combinations fliereo^ as may be apparent to one of ordinary skill 
from this disclosure. For example, the system may be at other grid spacings 

30 besides those for ITU grid DWDM. It should be understood that the present 
invention may also be used in other multi-channel configurations and is not 
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limited to systems using ITU grid DWDM wavelengfli spacings. The system 
may xise L*band or other fiequencies instead of C-band fireqnendes associated 
vnih typical DWDM systems. In passing, it should be noted that the tenn 
WDM may be used to refer to both WDM and/or DWDM networks, unless 
otherwise noted. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically 
described herein. 
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IN THE CLAIMS 

1 . A commimicatioii system, compiising: 
a &st client (12); 

5 at least a first optical network element (14) and a second optical network 

element (16); 

at least a first data transport medium (18) coupled to the first client and 
the first optical network element; 

at least a first control chamiel (20) coupled to the client and the first 
1 0 optical network element; and 

at least a first optical transport medium (22) coupled to the first and 
second optical network elements, wherein the first optical transport medium and 
the first data transport medium support an all optical path (21) between the first 
client and the second network elem^t 

15 2. The system of claim 1 wherem each of the first and second 

optical network elements includes a mechanism for routing wavel^gths under 
the control of the first client 

3. The system of claim 1, wherein data flow is supported between 
the first optical network element and the second optical network element using 

20 wave division multiplexing. 

4. The system of claim 1, wherein fhe first client and second optical 
network element are coupled without optical electronic conversions. 

5. The system of claim 1, wherein the first optical fiber supports at 
least one in-fiber, out-of-band signaling chaimeL 

25 6, The system of claim 1 , wherein the first optical network element 

is configured to be able to route at least one single DWDM channel from the 
first or second optical fiber to the first data fiber or at least a second data fiber. 
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7. The system of claim 1, wherein the second optical network 
element is configured to be able to route at least one single DWDM channel 
from the first and second optical fibers to the first data fiber. 

8. The system of claim 1, wherein the second optical network 

5 elemmt is configured to be able to route at least one single DWDM channel 
from the first or second optical fiber to tiie first data fiber or at least a second 
data fiber. 

9. The system of claim 1, wherein the first optical network element 
includes an opto-electronic tap coupled to the first optical fib^. 

10 10. A system as in claim 1 wherem the client comprises a control 

source for determining wavelengtii routing of at least the first network element 

11. A system as in claim 1 wherein the client comprises a control 
source and a data source. 

1 2. The system of claim 1 further comprisii^ a second client coupled 
IS to tiie first optical network element 

13. The system of claim 1 further comprising a second client coiipled 
to the second optical network element 

14. A communication system, comprising: 

a first IP client (12) that includes an optical interface; 
20 at least a first optical network elonent (14) coupled to the optical 

inter&ce and a second optical network element (16) coupled to the first optical 
network element, each of die first and second optical network elements 
including a mechanism (1 10) for routing wavelengths under the control of the 
client; 

25 at least a first data fiber (18) coupled to the optical interfece and the first 

optical network element; 

at least a first control channel (20) coupled to the client and the first 
optical network element; and 
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at least a &st optical fiber (22) and a second optical fiber (24) coiq)led to 
the first and second optical network elements, wherein the first and second 
optical fib^s and the first data fiber support an all optical path (21) between the 
first IP client and the second network element; 
5 wherein said first IP client runs an IP protocol on the first control 

channel 

15. A communication system, comprising: 

a first client (12) that includes an optical interface; 

at least a first optical network element (14) and a second optical network 
1 0 element (1 6), vrhereui each of tiiie first and second optical netwoik elements 

includes a mechanism (110) under the control of the client and having a design 
sufGcient to allow wavelengths to be allocated fix>m any input port to any 
receiver port; 

at least a first data fiber (1 8) coupled to the optical interface and the first 
1 5 optical network element; 

at least a first control channel (20) coupled to the client and the first 
optical network element; and 

at least a first optical fiber (22) and a second optical fiber (24) coiq)led to 
the first and second optical network elements, wherein the first and second 
20 optical fibers and the first data fiber support an all optical path (21) between the 
first client, the first network element, and the second network element 

16. A communication system, comprising: 

a first client (12) that mcludes an optical int^:fiice, wha:em said first 
client is a data source and a control source; 
25 at least a first optical network element (14) and a second optical network 

element (16); 

at least a first data fiber (1 8) coupled to the optical interface and the first 
optical network element; 

at least a first control channel (20) coi^led to the client and the first 
30 optical network element; and 
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at least a fiist optical fiber (22) and a second optical fiber (24) coupled to 
the first and second optical network elements, wherein the first and second 
optical fibers and the first data fiber support an all optical path (21) between the 
first client, the first network element, and the second network element, wherein 
S data traffic passing along said path does not encounter any 0£0 conversions; 
and 

said first client sending IP control signals over said first control channel 
to implem^t said all optical path, said control channel running a protocol 
sufficient to allow routing of data flow without requiring direct examination of 
10 the data in the data fiber, the first optical fiber, or the second optical fiber to 
extract header information, thus allowing for said all optical path. 

17. A communication system, comprising: 

a first client (12) that includes an optical interface; 

at least a first optical network element (14) and a second optical network 
1 S element (1 6), wherein each of the first and second optical network elements 
including a first switch directmg Ught through the network element or to a 
mechanism for routing wavelengths under the control of the client, said 
mechanism comprising a nonblocking NxM switch (1 12) coupled to said first 
switch, wherein N > 4; 
20 at least a first data fiber (18) coupled to the optical uit^ce and the first 

optical network element; 

at least a first control channel (20) coupled to the client and the first 
optical network element; and 

at least a first optical fiber (22) and a second optical fiber (24) coupled to 
25 the first and second optical network elements, v^erein the first and second 

optical fibers and the first data fib^ siqsport an all optical path (21) between the 
first client and the second network element. 



18. A communication system, comprising: 

a first IP client (12) that mcludes an optical interface; 
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at least a jBrst optical netwodc element (14) coupled to the optical 
interfece and a second optical network element (16) coiq)led to the first optical 
network element; 

at least a first data fiber (18) coiq)led to the optical interfece and the first 
5 optical network element; 

at least a first control channel (20) coupled to the client and the first 
optical network element; and 

at least a first optical fiber (22) and a second optical fiber (24) coupled to 
the first and second optical network elements, wherein the first and second 
10 optical fibers and the first data fiber support an all optical path between the first 
IP client and the second network element; 

wherein the first IP client runs IP protocols on the first control channel; 
wherein the control chaimel has an operative relationship with said first 
data fiber, said operative relationship allowing for said all optical path by 
1 5 providing for reception and transmission of wavelength routing commands 
without having to convert optical data traffic in the data fiber to electrical 
signals to read headers in data traffic and th^by disnpt said all optical path. 

19. A communication system, comprising: 
a first client (12) that includes an optical interfece; 
20 at least a first optical network element (14) and a second optical network 

element (16), wherein the first optical network elements includes a mechanism 
(110) \mder the control of the client and having a design sufficient to allow 
wavelengths to be allocated from any input port to any receiver port; 

at least a first data fiber (18) coupled to the optical interface and the first 
25 optical network element; 

at least a first control channel (20) coupled to the client and the first 
optical network element; and 

at least a first optical fiber (22) and a second optical fiber (24) coupled to 
the first and second optical network elements, wherein the first and second 
30 optical fibers and the first data fiber support an all optical path (21) between the 
first client and the second network element; 
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wherein the second optical netwoik elements includes a mechanism for 
routing wavelengths under the control of the client, said mechanism having a 
tunable filter sufiBcient to select wavelengths m the system to route to a receiver. 

20. A method comprismg: 

5 using IP protocol control signals to control flow of optical 

communication signals on an all optical data path extending fiom a first client, 
to a first network element, and to a second network element to allow for data 
transmission. 

21 . A method comprismg: 

10 sending data information on a first data fiber (18), said first data fiber 

supporting a portion of an all optical path (21) extendmg from a first client, to a 
first network element, and to a second network element; 

sending control information containing IP protocol control signals on a 
control channel (20), said control channel extending firam the first client to the 

1 5 first network element, wherein said control channel is of a design sufficient to 
allow data information to flow on an all optical path extending fix)m the first 
client, to the first network element, and to the second network element; 

said IP protocol control signals used for determining wavelength routing 
at said first network element and said second network element. 

20 22. A method comprismg: 

optically coupling a client (12) to a first optical network element (14) 
and a second optical network element (16); 

sendmg control signals along a control channel (20) extending firom said 
client to said first optical network element, wherein said control signals 
25 originate at the client; and 

sending optical communication signals carrying data fix>mtiie client to at 

least the first network element 

23. A method comprising: 
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Optically coupling a client (12) to a first optical network element (14) 
and a second optical network element (16) throi^ said first network element to 
create an all optical path (21) therethrough; 

sending control signals using a first protocol along a control chamiel 
5 (20) extending &om said client to said fiist optical network dement, wherein 
said control signals origmate at the client; and 

sending optical commiinication signals carrying data firom the client to at 
least the first network element; 

using a second protocol for conmiimications between said first optical 
1 0 network element and said second network element 
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